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ABSTRACT
INTRODUCTION: Pre-filled syringes are increasingly popular in medicine, especially in emergency medicine, 
where fast intervention is crucial. Additionally, as indicated by numerous studies, the use of drugs in pre-
filled syringes reduces the risk of medical errors associated with inadequate preparation of the drug and 
reduces the risk of contamination as a result of tissue injury due to rupture of a standard ampoule with the 
drug. The aim of the study was to compare the use of pre-filled syringes with adrenaline and standard adren-
aline in ampoules during simulated CPR during simulated cardiopulmonary resuscitation in non-shockable 
rhythms performed by two-person teams.
MATERIAL AND METHODS: The study was a randomised cross-over study and was based on medical simula-
tion. The study involved 40 paramedics assigned randomly to 20 two-person rescue teams. These teams were 
to perform 10-minute cardiopulmonary resuscitation in three research scenarios: Scenario A — During CPR, 
access to the median basilic vein and preparation and administration of adrenaline infusions from generally 
available ampoules at concentration 1:1000 were required (Adrenaline WZF 0.1%; Polfa, Warsaw, Poland) 
with a standard syringe; Scenario B — During resuscitation, the median basilic vein was accessed and adren-
aline was to be administered from an adrenaline pre-filled syringe (Aguettant Santé, Lyon, France); Scenario 
C — During CPR, intraosseous tibial vascular access was obtained using a NIO Adult kit, and adrenaline was 
administered using a pre-filled syringe with adrenaline (Aguettant Santé, Lyon, France). Both the order of 
resuscitation and medication administration as well as the order of participants were random.
RESULTS: The time to obtain vascular access in the examined scenarios varied and was 240 sec [IQR; 220–265] 
for Scenario A, 236 sec [IQR; 210–270] for Scenario B, and 165 sec [IQR; 90–180] for Scenario C; A vs. C, 
(p < 0.001), B vs. C (p < 0.001). In scenarios A, B, and C, the duration of adrenaline administration varied 
and was 55 sec [IQR; 50–85] vs. 20 sec [IQR; 18–35] vs. 20 sec [IQR; 20–30] (A vs. B, and A vs. C, p < 0.001).
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CONCLUSIONS: A simulation study has shown that paramedics in two-person teams are unable to deliver 
adrenaline at the time recommended by CPR guidelines. The delay of CPM adrenaline supply compared to 
PFS adrenaline is statistically significant. In the opinion of paramedics participating in the study, adrenaline 
during resuscitation should be administered by means of pre-filled syringes, which eliminates the delays in 
rescue operations resulting from the time needed to prepare drugs as well as limited human resources in 
rescue teams.
KEY WORDS: cardiopulmonary resuscitation, medical simulation, pre-filled syringe, epinephrine, emergency 
medical service
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of 1:10,000, which facilitates its supply, especially in 
the context of paediatric patients, and allows for the 
infusion of the already diluted drug for both adults 
and children.
The aim of the study was to determine different 
methods of adrenaline supply during cardiopulmo-
nary resuscitation in order to follow the adult resus-
citation algorithm recommended by the American 
Heart Association 2015 [8].
MATERIAL AND METHODS
The trial was designed as a randomised cross-over 
simulation study. The study protocol was approved by 
the Institutional Review Board of the Polish Society of 
Disaster Medicine (Approval no. 07.10.2019 IRB). The 
study included 20 teams of two people composed of 
paramedics. Each of the study participants, having 
familiarised themselves with the study objectives, ex-
pressed a voluntary desire to participate in the study.
Prior to the study, all participants underwent one 
hour of theoretical training in adult advanced car-
diopulmonary resuscitation based on the American 
Heart Association 2015 guidelines [8]. Next, train-
ing was carried out on how to obtain intraosseous 
access to the NIO Adult kit (PerSys Medical, USA) 
and the use of a pre-filled syringe with adrenaline 
(Aguettant Santé, Lyon, France; Fig. 1).
The order of participants as well as the selection 
of participants in two-person groups was random; 
for this purpose the Research Randomizer program 
was used. The participants were to perform 10-min-
ute adult cardiopulmonary resuscitation based on 
the cardiopulmonary resuscitation algorithm. The 
rhythm accompanying cardiac arrest was asystole. 
The participants performed cardiopulmonary resus-
citation in three scenarios:
Scenario A — During CPR, access to the me-
dian basilic vein and preparation and administra-
INTRODUCTION
Medical errors are a relatively frequent phenomenon 
in hospitals, especially related to the preparation and 
administration of medicines [1, 2]. Numerous stud-
ies, including those of Berdot et al. [3], Parshuram et 
al. [4], and Gokhman et al. [5], indicate that errors in 
drug preparation concern up to 48% of cases. Dou-
ble-checking should be conducted, because this 
could reduce drug administration errors by about 
20%, but collaborative efforts between all health-
care professionals are essential [1]. As indicated by 
Hedlund et al., error types and reported rates vary 
substantially, including wrong drug (0% to 4.7%), 
wrong diluent solution (0% to 49.0%), wrong label 
(0% to 99.0%), wrong dose (0% to 32.6%), wrong 
concentration (0.3% to 88.6%), wrong diluent vol-
ume (0.06% to 49.0%), and inadequate aseptic 
technique (0% to 92.7%) [6]. 
The risk of error is all the more important in the 
aspect of emergency medicine, especially sudden 
cardiac arrest, where, according to the guidelines 
for resuscitation published by both the European 
Resuscitation Council and the American Heart As-
sociation, in the case of non-shockable rhythms, 
adrenaline should be administered as soon as possi-
ble after obtaining vascular access [7, 8]. During the 
cardiopulmonary resuscitation (CPR) there is a need 
to take quick action, and in the case of two-person 
emergency teams, therapeutic compromises are to 
be expected often.
The solution to this problem may be ready-made 
pre-filled syringes, which eliminate mistakes in the 
administration of the wrong drug, reduce the risk of 
the improper dose, and shorten the time to adminis-
ter drugs [9]. An example of adrenaline in the form 
of progression-free survival (PFS) is the adrenaline 
from Aguettant Santé (Lyon, France), which is pro-
duced in 10 mL syringes with a standard Luer sys-
tem, and the adrenaline itself is at a concentration 
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tion of adrenaline infusions from generally available 
ampoules at concentration 1:1000 were required 
(Adrenaline WZF 0.1%; Polfa, Warsaw, Poland) with 
a standard syringe.
Scenario B — During resuscitation, the median 
basilic vein was accessed, and adrenaline was to be 
administered from an adrenaline pre-filled syringe 
(Aguettant Santé, Lyon, France). 
Scenario C — During CPR, intraosseous tibial 
vascular access was obtained using a NIO Adult kit, 
and adrenaline was administered using a pre-filled 
syringe with adrenaline (Aguettant Santé, Lyon, 
France).
Vascular access was performed based on the 
principles of aseptic and antiseptic. In each scenario 
it was assumed that rescue teams would conduct re-
suscitation based on the AHA algorithm. According 
to the above algorithm, adrenaline will be admin-
istered in a dose of 1 mg every 3–5 minutes. After 
a 10-minute CPR procedure, the participants had 
a one-hour break and then performed CPR based 
on another scenario. The detailed randomisation 
procedure is presented in Figure 2.
In each scenario, the time of access, measured 
from the diagnosis of cardiac arrest and start of 
resuscitation, and the time of supply of the first 
dose of adrenaline, measured as the time between 
FIGURE 1. Example of pre-filled syringe with adrenaline
FIGURE 2. Randomisation flow chart
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cardiac arrest and the end of 1 mg of adrenaline 
supply, were assessed. The reference point was 
the algorithm of advanced resuscitation in adults 
[8], according to which in non-shockable rhythms 
adrenaline should be administered as soon as possi-
ble. Additionally, after the completion of the study, 
rescuers were asked to determine the preferences 
concerning the method of adrenaline administration 
during resuscitation.
The data were collected by the instructors us-
ing a previously prepared study protocol. Statistical 
analysis was conducted using Statistica 13.3 EN 
statistical package (Tibco Inc., Tulsa, OK, USA). The 
results were considered statistically significant at 
p < 0.05.
RESULTS
The study involved 40 paramedics, who formed 
20 two-person resuscitation teams. The average 
age of the study participants was 32.5 ± 4 years, 
while the average length of service in emergency 
medicine was 9.6 ± 7.3 years. None of the par-
ticipants had previously had to deal with pre-filled 
syringes with adrenaline during CPR. All participants 
declared clinical experience in cardiopulmonary re-
suscitation as well as the ability to perform intraos-
seous access.
Time to obtain vascular access
The time to obtain vascular access in the examined 
scenarios varied and was 240 sec [IQR; 220–265] 
for Scenario A, 236 sec [IQR; 210–270] for Scenario 
B, and 165 sec [IQR; 90–180] for Scenario C. There 
were significant statistical differences in the time 
to obtain vascular access between Scenarios A and 
C (p < 0.001), and between Scenarios B and C 
(p < 0.001). 
Time of administration of the first dose of 
adrenaline
The analysis to determine the time of adrenaline 
administration, measured from the moment of ac-
cess to the vascular system, through preparation of 
adrenaline for infusion, to the moment of notifica-
tion of 1 mg of adrenaline, was performed in each 
of the examined scenarios. In scenarios A, B and C, 
the duration of adrenaline administration varied and 
was 55 sec [IQR; 50–85] vs. 20 sec [IQR; 18–35] 
vs. 20 sec [IQR; 20–30], respectively. Statistically sig-
nificant differences were noted between scenarios 
A and B (p < 0.001), as well as between scenarios 
A and C (p < 0.001).
Self-assessment 
The study participants unanimously stated that the 
first dose of adrenaline during CPR should be admin-
istered with a pre-filled syringe. At the same time, all 
participants of the study also stated that the optimal 
method of accessing the vascular system during CPR 
is an intraosseous access.
DISCUSSION
Rapid implementation of advanced resuscitation 
procedures, including vascular access and adrena-
line administration, is one of the key elements in the 
context of non-shockable rhythms. As indicated by 
the CPR guidelines for asystole or pulseless electri-
cal activity (PEA), rapid adrenaline administration is 
one of the key elements of management. The main 
focus of the study was to compare the duration 
of PFS adrenaline and CPM adrenaline; the time 
parameters of intraosseous and intravenous access 
under simulated cardiopulmonary resuscitation were 
also examined.
Currently, many drugs in the form of pre-filled 
syringes are available on the medical market. They 
are particularly appreciated in anaesthesia. As indi-
cated by Saliba et al. [10], the use of pre-filled sa-
line syringes significantly reduced peripheral venous 
catheter failure and increased catheter dwell time. 
In turn, in research by Jenson et al., in a review 
of 80 incidents, use of PFS with thiopental was 
shown to result in fewer dose and substitutional 
errors [11]. Benhamou et al. carried out an analysis 
in which they compared the cost and occurrence 
of medical errors between the use of atropine in 
standard ampoules and PFS atropine [12]. Prelim-
inary results showed that atropine CMP is much 
more expensive than atropine PFS. This relationship 
applies to all drugs in the form of PFS. However, 
Benhamou points out that if medical errors and 
overall preparation of the drug for administration 
are also taken into account, it turns out that PFS 
adrenaline can reduce hospital costs. Saving would 
mainly relate to a reduced number of medication 
errors and the elimination of wastage in concen-
tration with atropine syringes prepared in advance. 
Also, Larmené-Beld et al., in their analysis of the 
cost of medicines, showed that the use of PFS com-
pared to CPM leads to a significant cost reduction, 
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which results in an improvement of the medical 
unit’s budget [13]. The cost reduction, as in the 
Benhamou et al. study, is related to reductions in 
the number of medication errors and contamina-
tions of parenteral medications.
In the simulation study, preparation of the drug 
was much shorter in the case of adrenaline in the 
form of PFS compared to CPM adrenaline. This 
may affect the change of rhythm during CPR in 
real-life conditions. [14, 15]. Another key element 
that was also shown in the study was the fact that 
an intraosseous access is a much faster method 
of obtaining a vascular access than an intrave-
nous one.
Baert et al. suggest that intraosseous access 
is a comparably effective alternative to peripheral 
intravenous access for treating OHCA patients in 
matched populations [16]. Therefore, CPR drugs 
can be administered both by the intraosseous ac-
cess and intravenously with the same efficacy, but 
the key element is the time taken to gain vascular 
access. In this regard, intraosseous access is the 
quickest method of obtaining vascular access [17], 
and is recommended especially for cardiopulmonary 
resuscitation [18] or hypovolaemic shock when the 
vascular bed is collapsed [19–21]. Holloway et al. 
indicated that humerus intraosseous versus intrave-
nous provides rapid and reliable access to administer 
life-saving medications during cardiac arrest [22]. 
In turn, Rose et al., in the setting of out-of-hospital 
cardiac arrest, showed that the time to administer 
the first dose of epinephrine was faster in the IO 
access group when compared to the peripheral in-
travenous access group [18].
Among the limitations of the study, one can 
specify the fact that the study was conducted under 
medical simulation conditions and not under real 
(clinical) resuscitation; however, it is the medical sim-
ulation that allows for full standardisation of the ob-
tained procedure conditions. Additionally, by means 
of medical simulation, medical procedures can be 
performed many times without potential harm to 
the patient. The possibility of measurements was an 
additional aspect that supported the use of medical 
simulation in the study. Another limitation was to 
carry out the study only in relation to paramedics; 
however, such a procedure was also purposeful and 
dictated by the fact that paramedics working in 
two-person teams in pre-hospital conditions must 
have technical solutions which will optimise the per-
formance of the resuscitation.
CONCLUSIONS
A simulation study has shown that paramedics in 
two-person teams are unable to deliver adrenaline 
at the time recommended by CPR guidelines. The 
delay of CPM adrenaline supply compared to PFS 
adrenaline is statistically significant. In the opinion 
of the paramedics participating in the study, adren-
aline during resuscitation should be administered by 
means of pre-filled syringes, which eliminates the 
delays in rescue operations resulting from the time 
needed to prepare drugs and from limited human 
resources in rescue teams.
Conflicts of interest: The authors declare no 
conflicts of interest regarding the publication of 
this paper.
Acknowledgments: The authors want to thank 
all paramedics for their participation in this study. 
The study was supported by the Polish Society of 
Disaster Medicine.
REFERENCES
1. Chua SS, Chua HM, Omar A. Drug administration errors in paediatric 
wards: a direct observation approach. Eur J Pediatr. 2010; 169(5): 
603–611, doi: 10.1007/s00431-009-1084-z, indexed in Pubmed: 
19823870.
2. Board P. Reducing drug errors in anaesthesia. BMJ. 2011; 343: d6885, 
doi: 10.1136/bmj.d6885, indexed in Pubmed: 22027356.
3. Berdot S, Sabatier B, Gillaizeau F, et al. Evaluation of drug adminis-
tration errors in a teaching hospital. BMC Health Serv Res. 2012; 12: 
60, doi: 10.1186/1472-6963-12-60, indexed in Pubmed: 22409837.
4. Parshuram CS, To T, Seto W, et al. Systematic evaluation of errors 
occurring during the preparation of intravenous medication. CMAJ. 
2008; 178(1): 42–48, doi: 10.1503/cmaj.061743, indexed in Pubmed: 
18166730.
5. Gokhman R, Seybert AL, Phrampus P, et al. Medication errors during 
medical emergencies in a large, tertiary care, academic medical 
center. Resuscitation. 2012; 83(4): 482–487, doi: 10.1016/j.resusci-
tation.2011.10.001, indexed in Pubmed: 22001000.
6. Hedlund N, Beer I, Hoppe-Tichy T, et al. Systematic evidence review of 
rates and burden of harm of intravenous admixture drug preparation 
errors in healthcare settings. BMJ Open. 2017; 7(12): e015912, doi: 
10.1136/bmjopen-2017-015912, indexed in Pubmed: 29288174.
7. Soar J, Nolan JP, Böttiger BW, et al. Adult advanced life support 
section Collaborators. European Resuscitation Council Guidelines for 
Resuscitation 2015: Section 3. Adult advanced life support. Resusci-
tation. 2015; 95: 100–147, doi: 10.1016/j.resuscitation.2015.07.016, 
indexed in Pubmed: 26477701.
8. Link MS, Berkow LC, Kudenchuk PJ, et al. Part 7: Adult Advanced 
Cardiovascular Life Support: 2015 American Heart Association 
DISASTER AND EMERGENCY MEDICINE JOURNAL 2020, Vol. 5, No. 2
84 www.journals.viamedica.pl
Guidelines Update for Cardiopulmonary Resuscitation and Emer-
gency Cardiovascular Care. Circulation. 2015; 132(18 Suppl 2): 
S444–S464, doi: 10.1161/CIR.0000000000000261, indexed in 
Pubmed: 26472995.
9. Madziala M, Smereka J, Szarpak L. Pre-filled syringe as an option 
for drug delivery in emergency medicine. Disaster and Emergency 
Medicine Journal. 2017; 2(2): 98–99, doi: 10.5603/demj.2017.0019.
10. Saliba P, Cuervo G, Hornero A, et al. The impact of flushing with pre-
filled saline syringes on the incidence of peripheral venous catheter 
failure: A quasi-experimental study. J Vasc Access. 2019 [Epub ahead 
of print]: 1129729819888423, doi: 10.1177/1129729819888423, 
indexed in Pubmed: 31763936.
11. Jensen LS, Merry AF, Webster CS, et al. Evidence-based strategies for 
preventing drug administration errors during anaesthesia. Anaesthe-
sia. 2004; 59(5): 493–504, doi: 10.1111/j.1365-2044.2004.03670.x, 
indexed in Pubmed: 15096243.
12. Benhamou D, Piriou V, De Vaumas C, et al. Ready-to-use pre-filled 
syringes of atropine for anaesthesia care in French hospitals - a budget 
impact analysis. Anaesth Crit Care Pain Med. 2017; 36(2): 115–121, 
doi: 10.1016/j.accpm.2016.03.009, indexed in Pubmed: 27481691.
13. Larmené-Beld KHM, Spronk JT, Luttjeboer J, et al. A Cost Minimization 
Analysis of Ready-to-Administer Prefilled Sterilized Syringes in a 
Dutch Hospital. Clin Ther. 2019; 41(6): 1139–1150, doi: 10.1016/j.
clinthera.2019.04.024, indexed in Pubmed: 31079861.
14. Davidson LRR, Miller DR, Currie GP. How long does it take medical and 
nursing staff to assemble pre-filled emergency drug syringes? Resus-
citation. 2009; 80(4): 499, doi: 10.1016/j.resuscitation.2008.12.012, 
indexed in Pubmed: 19203822.
15. Ewy GA, Bobrow BJ, Chikani V, et al. The time dependent association 
of adrenaline administration and survival from out-of-hospital cardiac 
arrest. Resuscitation. 2015; 96: 180–185, doi: 10.1016/j.resuscita-
tion.2015.08.011, indexed in Pubmed: 26307453.
16. Baert V, Vilhelm C, Escutnaire J, et al. GR-RéAC. Intraosseous Versus 
Peripheral Intravenous Access During Out-of-Hospital Cardiac Arrest: 
a Comparison of 30-Day Survival and Neurological Outcome in the 
French National Registry. Cardiovasc Drugs Ther. 2020 [Epub ahead 
of print], doi: 10.1007/s10557-020-06952-8, indexed in Pubmed: 
32146637.
17. Szarpak L, Truszewski Z, Smereka J, et al. A Randomized Cadaver 
Study Comparing First-Attempt Success Between Tibial and Humeral 
Intraosseous Insertions Using NIO Device by Paramedics: A Prelimi-
nary Investigation. Medicine (Baltimore). 2016; 95(20): e3724, doi: 
10.1097/MD.0000000000003724, indexed in Pubmed: 27196493.
18. Ross EM, Mapp J, Kharod C, et al. Time to epinephrine in out-of-hos-
pital cardiac arrest: A retrospective analysis of intraosseous versus 
intravenous access. Am J Disaster Med. 2016; 11(2): 119–123, doi: 
10.5055/ajdm.2016.0230, indexed in Pubmed: 28102532.
19. Szarpak L, Ladny JR, Dabrowski M, et al. Comparison of 4 Pediatric 
Intraosseous Access Devices: A Randomized Simulation Study. 
Pediatr Emerg Care. 2018 [Epub ahead of print], doi: 10.1097/
PEC.0000000000001587, indexed in Pubmed: 30106870.
20. Smereka J, Madziała M, Szarpak L. Are firefighters able to perform 
intraosseous access and start fluid resuscitation in an anaphylactic 
patient? Am J Emerg Med. 2016; 34(8): 1707–1708, doi: 10.1016/j.
ajem.2016.05.068, indexed in Pubmed: 27266328.
21. Bielski K, Szarpak L, Smereka J, et al. Comparison of four different 
intraosseous access devices during simulated pediatric resuscitation. 
A randomized crossover manikin trial. Eur J Pediatr. 2017; 176(7): 
865–871, doi: 10.1007/s00431-017-2922-z, indexed in Pubmed: 
28500463.
22. Holloway CM, Jurina CS, Orszag CJ, et al. Effects of humerus intraos-
seous versus intravenous amiodarone administration in a hypovolemic 
porcine model. Am J Disaster Med. 2016; 11(4): 261–269, doi: 
10.5055/ajdm.2016.0248, indexed in Pubmed: 28140441.
